Background. The association between gallbladder (GB) disease and colorectal precancerous lesions remains elusive. This study sought to explore the association between GB disease and colorectal neoplasms at different locations. Methods. Patients who received general health checkup from January to December 2008 were included and subgrouped into three groups by polyp location: proximal, distal, and whole colon. GB disease and other known risk factors for colon cancer were compared and analyzed. Different types of polyps at different locations were further investigated. Results. Of a total of 3136 patients (1776 men and 1360 women; mean age, 49.3 years) who had colon polyps, 212 (6.8%) had GB stone and 512 (16.3%) had GB polyps. Patients in the proximal colon polyp group had higher rates of GB polyps and stones. GB polyps were independently associated with proximal colon polyps, including both hyperplastic polyps (odds ratio, 1.523; P = 0 034) and adenomatous polyps (odds ratio, 1.351; P = 0 048). No relationship between GB polyps and distal or any colon polyps was observed. Irrespective of the polyp location (i.e., proximal, distal, or any part of the colon), GB stone did not show any association with colon polyp. Conclusions. We suggested that GB polyps are associated with proximal colon polyps. Colonoscopy may be a more effective strategy for screening proximal precancerous lesions among patients with GB polyps. The association between GB disease and colon polyps demands further prospective investigation.
Introduction
Colorectal cancer (CRC) is the fourth most commonly diagnosed cancer and the second leading cause of cancer-related deaths in the United States [1] . The 5-year survival rate for early-stage cancers is greater than 90%, whereas the 5-year survival rate for patients diagnosed with widespread cancer is less than 10% [2] . Some risk factors for CRC have been found to have site-specific characteristics. For example, a high-fiber diet was noted to reduce colon cancer risk [3] , whereas processed red meat was associated with an increased risk of distal colon cancer [4] . Previous research has found differences in clinic-pathologic and prognostic features between proximal colon neoplasms and distal colon neoplasms [5] [6] [7] . In clinical practice, different manifestations have also been observed in tumors originating from different sites of the colon. Tumors originating from the proximal colon tend to present with insidious symptoms and signs, such as anemia and body weight loss, whereas tumors growing from the distal colon tend to present with local symptoms, such as changes in bowel habits and luminal obstruction [8] [9] [10] . Precancerous lesions at the proximal colon are poorly detected by both the fecal occult blood test and colonoscopy compared with those at the distal colon [11] [12] [13] . In addition, adenomatous polyps may be noted at proximal sites without the presence of distal adenoma [14, 15] . There are also many differences such as embryonic evolution, blood supply, lymphatic drainage, and lumen environment; thus, it is reasonable to subgroup colon cancer into proximal and distal groups according to tumor location rather than a single disease entity [16] . Because CRC can potentially be detected at early stages by screening through colonoscopy examinations in patients who have increased risk factors, identification of risk factors associated with colorectal polyps may facilitate screening and reduce CRC-related mortality [17] [18] [19] .
The relationship between gallbladder (GB) disease and colorectal polyps has been of interest to many clinicians. Both these disease entities share some common risk factors [20] [21] [22] [23] . Recently, a large cohort study of residents of Denmark linked gallstone disease to gastrointestinal tumors, especially for right-sided colon cancer, in the general population [24] . However, the pathophysiology and mechanism underlying this association are not well understood and fully explained. Because the temporal association has been based on ultrasound screen-detected gallstones and right-sided colon cancer, little is known regarding the causative behavior related to GB disease, including GB stones and GB polyps, for the occurrence of colon polyps in people around the world. Based on this concept, this study investigated whether GB disease is associated with colon polyps, especially of the proximal colon.
Materials and Methods

Study Participants and Design.
This cross-sectional study enrolled a total of 3273 patients who underwent a general health checkup, which included colonoscopy and abdominal sonography, between January 2008 and December 2008 at Chang Gung Memorial Hospital Taoyuan Branch. Demographic data, including age, sex, family history of CRC, and triglyceride and cholesterol levels, were collected in all enrolled patients. Patients with a history of colorectal resections, inflammatory bowel disease, polyposis syndromes or hereditary nonpolyposis CRC, missing data of any associated variable, and absent GB or previous cholecystectomy were excluded. A total of 121 patients were excluded ( Figure 1 ). Considering that one patient may have more than one type of polyp located at different parts of the colon, we subgrouped our patients into three groups: proximal, distal, and whole colon. Each group was further subclassified and analyzed according to the polyp type by pathologic reports (Figure 1 ). All participants provided written informed consent. This study was conducted according to the principles expressed in the Declaration of Helsinki of the 1975 and was approved by the Chang Gung Medical Foundation Institutional Review Board (201701721B0D001).
Colonoscopy.
All patients were instructed to take a colon preparation agent (either 2 L of polyethylene glycol (PEG) electrolyte solution or split-dose aqueous sodium phosphate solution) the day before the examination. The use of PEG for colon preparation was recommended when sodium phosphate was contraindicated. Patients underwent deep sedation with monitored anesthesia care during colonoscopy. An antispasmodic (10 mg of hyoscine methobromide, intravenously) was administered to patients with no contraindications. All colonoscopy programs were performed by experienced gastroenterologists by using standard video colonoscopy (CF260L, Olympus, Tokyo, Japan). The polyp size was determined by comparison to the size of an opened endoscopic forceps. The proximal and distal parts of the colon were divided by the splenic flexure. An advanced colorectal neoplasm was defined as the presence of a diameter of greater than 10 mm, high-grade dysplasia, or significant villous histology in more than 25% of its area [15] . We documented all polyps and recorded the size, location, and numbers of each in our report. The adenoma detection rate (ADR) among those older than 50 years was also calculated. All polyps were evaluated in accordance with the World Health Organization classification by experienced pathologists in our hospital [25] .
Ultrasound.
Abdominal ultrasonography was performed as a routine health checkup procedure after overnight fasting and prior colonoscopy. The liver, GB, pancreas, spleen, and kidneys were all examined. A GB polyp was diagnosed as a feature with hyperechoic immobile echo protruding from the GB wall into the lumen without acoustic shadowing, regardless of its histology. A GB stone was impressed as mobile with posture change and with acoustic shadowing [26] .
2.4. Statistical Analysis. All data are presented as the mean ± standard deviation for continuous variables and as the number (percentage) of participants for categorical variables. Differences between categorical variables were analyzed using the chi-square test, and continuous variables were analyzed using Student's t-test. The nonparametric tests were applied where indicated. Logistic regression analysis was performed to determine the odds ratio (OR) and 95% confidence interval. Univariate analysis was applied for potentially relevant variables that differed between the two groups. Multivariate analysis was adjusted for those significant in the univariate analysis. Two-tailed P values less than 0.05 were considered statistically significant. All statistical analyses were performed using the Statistical Package for Social Science (SPSS package version 21, SPSS Inc., Chicago, IL, USA) for Windows.
Result
Demographic Characteristics of Study Patients.
Of the total of 3136 patients, 1776 (56.6%) were men, 212 (6.8%) had GB stones, 512 (16.3%) had GB polyps, and their mean age was 49.3 years. The ADR among patients aged 50 years or older was 28%. Compared with patients who had no colon polyps, those with colon polyps were older, were predominantly male, and had a higher rate of GB stones (Table 1 ). In the proximal colon polyp group (480/1551, 31%), those who had any proximal colon polyp were older, were more likely to be male, and had a higher rate of GB stone, more GB polyps, and higher TG levels (Table 1 ). There was no significant baseline feature found in those who had any distal colon polyp (1244/1551, 80%) ( Table 1) .
Association between GB Disease and Colon Polyp
Any Colon Polyp.
The results of univariate and multivariate analyses showed that age, male sex, and family history of CRC were independently and positively associated any colon polyp ( Table 2 ). An association with GB stones showed a statistical trend but without significance (P = 0 062). GB polyps did not show any significant association with any colon polyp. We also further analyzed data according to the polyp type. In the any hyperplastic polyp group, the results of univariate and multivariate analyses reported that those who had any hyperplastic polyp were older, predominantly male, and with a family history of CRC; those who had any adenomatous polyp were older and predominantly male. Both GB stones and GB polyps did not show any significant association with any hyperplastic or adenomatous polyps.
Any Proximal Colon
Polyp. The results of univariate and multivariate analyses revealed that older age, male sex, higher TG levels, and the presence of GB polyps (OR, 1.424; P = 0 006) were independently and positively associated with any proximal colon polyp (Table 3 ). GB stone did not show significance to any proximal colon polyp (OR, 1.174; P = 0 338). Regarding proximal hyperplastic polyp, parameter such as age, male subject, TG level, and GB polyp had positive association. Regarding proximal adenomatous polyp, only age, male subject, and GB polyp had positive association. GB stones were not found to be linked to any proximal hyperplastic and proximal adenomatous polyps.
Any Distal Colon
Polyp. The findings of univariate and multivariate analyses revealed that only family history of CRC was associated with distal hyperplastic polyps. No other significant variables were found to have associations with any distal colon polyp, including distal hyperplastic and adenomatous polyps (Table 4 ).
Discussion
In our study, we compared GB disease with other known risk factors to investigate the association of any independent risk factor with colon polyps. In addition, we classified and investigated different types of polyps at different locations. In contrast to previous research [27, 28] , we found GB polyps to be positively associated with proximal colon polyps, including both hyperplastic and adenomatous polyps. This association was not found with GB stones; there was no relationship between GB polyps or GB stones with any distal colon polyps. To our knowledge, this is the first study to investigate the relationship between GB disease and different types of colon polyps located at different parts of the colon simultaneously in healthy individuals. However, a specific mechanism that explains our findings remains uncertain. The possible association between GB polyps and colorectal polyps can result from shared risk factors, and the development of both disease entities may be the consequence of the similar pathway involved [29, 30] .
Since 1982, the association between GB disease, including gallstones, polyps, and postcholecystectomy status, and right-sided colon cancer has been suggested [31, 32] . Human studies have found a relationship between increased fecal secondary bile acids with colon polyps [33] . The predominance of cancers of the right side of the colon has been noted and has been explained as being caused by greater proximal colonic absorption of fecal secondary bile acids, which have been considered carcinogenic for many years [34] . However, a different mechanism is mentioned in other literatures that marked regional differences in bile acid metabolism between the right and left sides of the colon. Bile acids may lend a greater impact on the mucosa of the left side due to accumulation while passing through the colon [35] . Though a different point of view toward CRC, if an association between GB disease and proximal colorectal polyps could be proven by more research, then a low-cost, noninvasive examination, such as abdominal ultrasound, could be applied to identify individuals at risk of colorectal neoplasia.
One study conducted in southern Taiwan reported that both GB polyps and GB stones were associated with adenomatous polyps rather than other nonneoplastic polyps [36] . Our study, however, did not find an association between GB stones and adenomatous polyps in either the proximal or the distal colon. No marked differences were observed in baseline characteristics, such as age distribution, sex proportion, TG levels, and other significant confounding factors, between the two studies. This inconsistent result may be attributed to the difference in sample size and, more importantly, the documentation of the polyp type and polyp location; in the previous study, only the largest polyp was documented and recorded. In Korea, Hong et al. also found colorectal neoplasia to be significantly related to GB polyps, especially GB polyps larger than 5 mm [37] . Here, the possible cause of differing findings may be due to fewer male patients in our any adenomatous group and the association with hypertriglyceridemia being not significant in their multivariate analysis. One Western large cohort study found that GB stones are associated with right-sided colon cancer [24] ; however, they did not examine whether existence of GB polyps had a similar impact in our study.
In all our patients, we did not find serrated polyps of the proximal colon in their pathology reports. This finding may be due to low awareness of the condition among gastroenterologists and poor communication with pathologists at that time. Additionally, there is poor interobserver agreement between pathologists in the differentiation of hyperplastic polyps from sessile serrated polyps [38] . Accumulating data suggest that serrated polyps may cause up to one-third of all sporadic CRC. Precancerous serrated polyps are predominately located in the right colon, which could explain why interval cancers most frequently appear in the proximal colon [39] . It is possible that there might be some serrated polyps among our enrolled patients. Because pathogenesis and clinical course of sessile serrated adenoma to adenocarcinoma are different from the traditional adenoma-carcinoma sequence [40] , additional studies are needed to explore the relationship between GB disease and serrated polyps.
In our results, we found hypertriglyceridemia to be another strong significant risk factor for proximal colon polyps. Hypertriglyceridemia has been shown to modify bile acid excretion, circulating hormones, and energy supply to neoplastic cells [41] . Higher triglyceride levels can lead to a proinflammatory status within the body, leading to a proliferation of colorectal tumor cells [42] . The major impact on the proximal colon is possibly due to enterohepatic circulation of bile acid and TG, which may serve as risk factors for both disease entities. Additionally, hypertriglyceridemia only showed significance in the male population according to our subgroup analysis (data not shown). The effect of estrogen might play some protective role in this aspect.
GB polyps could be subcategorized as benign and neoplastic polyps. Cholesterol polyp (60-70%) is the most common benign GB polyps, whereas GB adenoma (1-5%) is the neoplastic polyps with malignant potential [43, 44] . In our study, the GB polyps are all based on abdominal ultrasonography without pathological proof, because patients enrolled did not accept cholecystectomy. Similar study about GB disease and CRC might be performed under pathological support for whom accepted cholecystectomy. Moreover, previous study had reported larger size of GB polyp was a predictor of GB cancer [43] ; the effect between GB polyp size and CRC could be also further analyzed.
Growing attention has been given to the role of intestinal microbial infection in carcinogenesis [45] . In recent years, the relationship between intestinal microbiota and sporadic CRC has attracted much scientific interest. The composition and diversity of gut microbiota associated with CRC has been presented by many researchers [46, 47] . Enterotoxigenic Bacteroides fragilis and Fusobacterium nucletum are noted to be highly expressed in the CRC tissue compared with the matched tissue, and F. nucletum has been associated with high microsatellite instability [48] . Bile acid is also a mucosal protectant from toxigenic microbes that may invade through the luminal surface. In particular, among secondary bile acids, deoxycholic acid (DCA) has the most potent antimicrobial activity [49] . Additional studies are needed to explore the relationship between bile acids and microbiota in different parts of the colon.
The strengths of this study are the inclusion of participants from the healthy general population without detection bias. In addition, we compared GB diseases with other risk factors for different types of polyps located at different parts of the colon, which was not deeply explored in other studies and has thus far shown limitations in design. We believe this objective design may lower the selection bias of our study. Our data also reported adequate ADR, which is not emphasized or mentioned in other similar studies. We provide this parameter to prove the quality of the study. However, there are also some limitations of our study. First, our study is limited by its retrospective setting. Another limitation is that sessile serrated adenoma prevalence is low in our patient group. Better communication with pathologists may be necessary to explore possible linkage to another pathogenesis. Additionally, other possible confounding factors, such as a personal dietary habit, tobacco use, alcohol consumption, and medication history, including vitamin, NSAIDs, aspirin, and statins, could not be investigated because of incomplete data. Lastly, stool samples were not obtained, and we did not investigate the phenotype of microbiota or explain its association between secondary bile acid and proximal colon polyps. Additional studies are warranted to investigate mechanisms underlying the association between colon polyp development and GB disease, confirming the relationship and clarifying controversial points.
Conclusions
We suggest that GB polyps are associated with proximal colon polyps. Colonoscopy may be a more effective strategy for screening proximal precancerous lesions among patients with GB polyps. The association between GB disease and colon polyps demands further prospective investigation.
